Abstract. The present study aimed to investigate the prognostic value of specific molecular markers in patients with hepatocellular carcinoma (HCC) who had received surgery. Immunohistochemical analysis was used to measure the expression of hepatocyte growth factor receptor (c-Met), β-catenin and focal adhesion kinase (FAK) in patients with HCC. c-Met expression was identified to be high in patients with larger tumors, higher α-fetoprotein (AFP) levels, higher Edmondson grades, portal vein invasion and higher tumor-node-metastasis (TNM) stages. FAK expression was high in patients with portal vein invasion, higher Edmondson grades and higher TNM stages. β-catenin expression was high in patients with larger tumors, hepatitis B virus (HBV) infection, portal vein invasion, higher Edmondson grades and higher TNM stages. Following multivariate analysis, FAK (P= 0.002) and β-catenin (P= 0.006) expression levels were demonstrated to be significantly associated with Edmondson grade. Additionally, the tumor size (P= 0.009) and HBV infection status (P= 0.002) were revealed to be associated with β-catenin expression. Kaplan-Meier survival curve analysis demonstrated that patients with HCC with higher FAK expression, higher β-catenin expression, portal vein invasion, higher Edmondson grades, higher TNM stages, younger ages and higher AFP levels had significantly poorer prognoses. Cox's regression analysis revealed that the survival period was correlated with the Edmondson grade, age, AFP level, and FAK and β-catenin expression. Univariate analysis of c-Met, β-catenin and FAK identified a significant correlation between FAK and β-catenin (P= 0.015). Correlation analysis revealed no significant correlation between the three molecular markers, but β-catenin and c-Met were markedly correlated (P=0.052). No significant correlation between FAK, c-Met or β-catenin expression was identified. FAK and β-catenin expression demonstrated a correlation with a range of clinicopathological factors, and high FAK and β-catenin expression levels were identified to be correlated with a poor survival rate of patients with HCC. Thus, patients with higher FAK and β-catenin expression may require more aggressive therapy. The results of the present study suggest that FAK and β-catenin expression possess more prognostic value than c-Met expression in patients with HCC.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most frequently occurring malignancy and the third leading cause of cancer-associated mortality worldwide (1) . Treatments, such as surgery, including transplantation, have provided a possibility of cure; however, the high recurrence rate has resulted in a reduced long-term survival rate in patients with HCC (2) . The overall survival rate of patients with HCC is <10%. (3, 4) .
Additionally, evaluation of the individual prognostic outcome may aid in guiding surgical and chemotherapeutic treatment. In the present study, the prognostic significance of three HCC-associated molecular biomarkers were evaluated.
β-catenin serves an important role in the Wnt/β-catenin signaling pathway, and participates in the development and progression of HCC (5) . Phosphorylated hepatocyte growth factor receptor (c-Met) triggers mitogen-activated phosphate kinase (MAPK) signaling through the Ras-Raf-MAPK kinase signaling pathway (6) , and its overexpression is present in the HCC phenotype with poor differentiation and malignancy (7, 8) . Activation of c-Met signaling and β-catenin mutations are frequent genetic occurrences observed in liver cancer initiation (9) (10) (11) . Previous studies have reported that c-Met and β-catenin are coactivated in HCC, and possess a possible correlation with hepatic carcinogenesis (12, 13) .
Focal adhesion kinase (FAK) is a nonreceptor tyrosine kinase that can be phosphorylated, and activated by growth factors and integrins (6, 9) . Multiple downstream signaling pathways, including extracellular receptor kinase (Erk), protein kinase B (PKB or Akt) and Ras-related C3 botulinum toxin substrate (Rac) have been identified to be regulated by FAK (14) . Thus, FAK activation can regulate the adhesion, motility, proliferation and survival of various cells types (14) . In a variety of cancers, including breast (15) , intestine (16) and brain (17) cancer, FAK has been demonstrated to be activated and/or overexpressed, thus promoting the progression and metastasis of the aforementioned cancer types. Additionally, in certain HCC studies, FAK has been demonstrated to be overexpressed in HCC specimens, suggesting that it serves a role in hepatocarcinogenesis (18, 19) .
Although the association between HCC and these three molecules has been separately investigated, a recent in vivo study investigated the potential role of FAK in hepatocarcinogenesis, and it association with c-Met and β-catenin (3) . In that report, the deletion of FAK in hepatocytes did not affect their morphology, proliferation or apoptosis rates. However, FAK deficiency significantly repressed MET/DN90-b-catenin (CAT)-induced tumor development and prolonged the survival of mice with MET/CAT-induced HCC. In the livers of mice with HCC and in HCC cell lines, FAK was demonstrated to be activated by c-Met, thus inducing Akt/Erk activation, cyclin D1 upregulation and tumor cell proliferation. CAT enhanced c-Met-stimulated FAK activation and synergistically induced the activation of the Akt/Erk-cyclin D1 signaling pathway in a FAK-dependent manner. In addition, FAK was demonstrated to be required for CAT-induced cyclin D1 expression in a kinase-independent manner (3) .
Following the review of previous studies on FAK, c-Met and β-catenin oncoproteins, their correlation with HCC has been identified in a variety of studies (12, 13, (18) (19) (20) (21) (22) . However, the intercorrelation among them requires further investigation. Irrespective of the coactivation of c-Met and β-catenin in HCC or the FAK's potential role in regulation of tumors described previously (3, 12, 22) , those previous studies were mainly focused on identifying the underlying molecular mechanisms of c-Met/β-catenin-driven hepatocarcinogenesis. By contrast, the present study aimed to evaluate the prognostic value of these three oncoproteins and the possible correlations with each other in patients with HCC.
Materials and methods

Patients.
A total of 86 patients with HCC who underwent surgery were included in the present study. All information and tumor tissue samples were collected from the database of the Department of Pathology of the First Affiliated Hospital of Sun Yat-Sen University (Guangzhou, China). Patients with radically resected HCCs who received surgery between January 2004 and December 2008 were recruited. Patients who had been treated with transhepatic artery chemoembolization (TACE), percutaneous ethanol injection (PEI) or radiofrequency ablation (RFA) were not included in the present study. A total of 68 males and 18 females were recruited, with a mean age of 50.2 years (age range, 26-77 years). With respect to the basic liver disease preceding HCC development, 65 cases (78.3%) of liver cirrhosis were identified. Hepatitis B surface antigen was positive in 73 patients and 3 hepatitis C patients (88.0%), and 10 patients (12.0%) did not have any underlying liver disease. The median follow-up period was 28.5 months (range, 3-60 months). The current study was approved by the First Affiliated Hospital of Sun Yat-Sen University. Written informed consent was obtained from all patients.
Tissue sections. Paraffin tissue blocks from all resected HCC specimens were obtained for immunohistochemical analysis. Hematoxylin and eosin-stained slides were examined to identify normal and tumor tissue. The tissue sections were produced by placing single, 3-mm cores of tumor or normal tissue in a recipient block with manually created holes.
The examined clinicopathological features of the HCCs included the gender, age, hepatitis infection, tumor size, tumor-node-metastasis (TNM) stage, histological differentiation of tumor cells according to the Edmondson and Steiner grading system (23) , presence of liver cirrhosis, portal vein invasion, hepatic artery invasion, and microvascular invasion (Table I) .
Immunohistochemical staining. Formalin-fixed paraffinembedded sections of tumor tissue that were obtained from the resected liver specimens of patients with HCC were cut into 3-µm thick sections. The specific antibodies used, sources, dilutions and detection system (GTVisionTM III Detection System/Mo&Rb; cat. no. GK500710; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) are listed in Table II . The detection system included three major reagents: Horseradish peroxidase-labeled secondary antibody (anti-rabbit/mouse), 3,3'-diaminobenzidine (DAB) buffer diluent and DAB stock solution (a dye). Antigen retrieval was performed with citrate buffer. Sections were placed in citrate buffer (pH 6.0), heated at 95˚C for 7 min, removed from the heat for 10 min and subsequently heated at 95˚C for 7 min. Sections were left at room temperature to cool and washed three times with PBS (10 mM, pH 7.5±0.1) for 3 min each. The sections were deparaffinized in xylene, and the xylene was subsequently removed using absolute ethanol. Endogenous peroxidase activity was blocked by treatment with 0.3% hydrogen peroxide for 10 min and normal goat serum (CWBIO, Beijing, China; catalog no. CW0130) for 1 h at room temperature. The sections were then incubated with the primary antibodies overnight at 4˚C. Then, sections were incubated with secondary antibodies for 1 h in room temperature. 3,3'-Diaminobenzidine tetrahydrochloride was used as a chromogen, and Mayer's hematoxylin counterstain was applied. Omission of primary antibody was used as a negative control. The distribution of staining for FAK, c-Met and β-catenin was semi-quantitatively assessed by the percentage of positively stained cells. Staining for FAK, c-Met and β-catenin was categorized into four groups as follows: 0 (<5%), 1+ (6-25%), 2+ (26-50%) and 3+ (>50%) (Fig. 1) . Two observers independently evaluated the staining results, and interpretation differences were resolved by consensus. Olympus CX23 light microscope (Olympus Corporation, Tokyo, Japan) was used (magnification, x200).
Statistical analysis. The SPSS statistical software (version 21; IBM Corp., Armonk, NY, USA) was used in the present study. The Fisher's exact test was used for categorical variables, and the logistic regression model was used for multivariate analysis. Cumulative overall survival and disease-free survival curves were constructed using the Kaplan-Meier estimator method, and survival curves were calculated using the log-rank test. Correlation factors that were identified as statistically significant were included in the Cox's multiple regression model. Correlation analyses were used to evaluate the correlation among the three molecular markers. P<0.05 was considered to indicate a statistically significant difference.
Results
Immunohistochemical expression of FAK. High FAK expression was observed in 39/86 HCC cases and low expression was observed in 47/86 HCC cases. The correlation between the overexpression of all three biomarkers and clinicopathological parameters of HCC are illustrated in Table III (Table IV) .
Survival rates, biomarkers and clinicopathological profiles
Clinicopathological factors. The differences in survival rates of patients with mild expression or overexpression of the three biomarkers were evaluated. The Kaplan-Meier survival curves for ≤60 months of follow-up are shown in Cox's regression analysis demonstrated that FAK (P= 0.004), β-catenin (P=0.036), age (P=0.007) and AFP (P=0.027) were significantly associated with the survival period, whereas, Edmondson grade (P= 0.083) was markedly associated with the survival period (Table V) . High FAK expression exhibited a ~2.107-fold higher risk of mortality compared with that of low FAK expression. High β-catenin expression exhibited a 1.690-fold higher risk of mortality compared with that of low expression. Other factors that influenced the survival period included the age (2.295-fold), AFP levels (1.699-fold) and Edmondson grade (1.632-fold). However, the results of the present study for age as a prognostic factor have yet to be discussed, because it has been demonstrated that the tumor grows at an increased pace in younger people compared with older people in other types of tumor (24) (25) (26) .
Correlation between FAK, β-catenin and c-Met expression.
Following univariate analysis ( target of rapamycin (29) (30) (31) (32) (33) . Previous studies identified an association between c-Met and β-catenin expression in hepatocarcinogenesis using in vivo models (12, 13, 22) . Shang et al (3) demonstrated that their effects may be regulated by FAK. As the correlation between the three oncoproteins has been established in animal models, their potential prognostic value in patients with HCC was investigated in the present study. Firstly, the correlation between the clinicopathological features of patients with HCC and the expression of the three oncoproteins was assessed. Kaplan-Meier survival and Cox's regression analyses were used to assess their correlation with the survival period. The correlations between the three molecular markers were also analyzed. FAK is a cytoplasmic protein tyrosine kinase (34) . Previous studies have identified FAK overexpression and activation in several advanced-stage solid cancer types (12, 19) . Furthermore, cancer and stromal cells have been demonstrated to be affected by FAK in the process of carcinogenesis; for example, integrin-FAK signaling activated a number of signaling pathways via phosphorylation and protein-protein interactions to promote tumorigenesis (9) (10) (11) . In the present study, FAK expression was revealed to be significantly different compared with different Edmondson grades (P<0.001), Table III . Correlation between molecular marker overexpression and the clinicopathological characteristics of patients with hepatocellular carcinoma. Notably, FAK expression was identified to be correlated with the survival period, indicating its potential prognostic value in patients with HCC. c-Met tyrosine kinase is a cell surface receptor for hepatocyte growth factor (HGF) (35) . HGF is secreted by mesenchymal cells that are regenerated in the liver (35) . c-Met activation by HGF can induce cell scattering, invasion, evasion from apoptosis and angiogenesis, thus acting as promoter of cancer dissemination (20) . The HGF/c-Met signaling pathway has been demonstrated to simultaneously activate multiple signal transduction pathways that promote cancer cell infiltration (36) (37) (38) (39) (40) (41) . In addition, genetic mutations of the c-Met receptor and its overexpression have been reported in various cancer types, including papillary renal, pulmonary, gastric and hepatic cancer (36) (37) (38) (39) (40) (41) (42) . According to the potential role of c-Met in liver regeneration, its correlation with cirrhosis should have been easily identified in the present study; however, no correlation was identified between the two. By contrast, c-Met expression was significantly different compared with that of certain tumor-associated factors such as tumor size (P= 0.012), AFP (P= 0.014), poor histological differentiation (Edmondson grade) (P= 0.001) and TNM stage (P= 0.010). This indicates that c-Met may possess a more specific role than previously considered. Despite successful detection of c-Met expression differences in the specimens, no significant correlation was identified between c-Met expression and the survival period in the Kaplan-Meier survival curve or Cox's regression analyses. Considering these results, it is suggested that the prognostic significance of c-Met in HCC is limited.
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β-catenin protein can be located in the cell membrane, cytoplasm or nucleus (43) . In inactivated cells, the majority of β-catenin is primarily located in the membrane and integrated into the adhesion complex, which is responsible for maintaining cell junctions. The remaining β-catenin that is free in the cytoplasm binds to a degradation complex and is degraded. Once the Wnt/β-catenin signaling pathway is aberrantly activated, membranous expression of β-catenin is reduced and cytoplasmic degradation of β-catenin is prevented. This allows free β-catenin to accumulate in the cytoplasm and translocate to the nucleus, where it interacts with transcription factors of the T-cell factor/lymphoid enhancer factor family to regulate various target genes (31) .
Numerous studies have reported that β-catenin overexpression in the cytoplasm and/or nucleus is correlated with cancer metastasis and poor prognosis (43) (44) (45) (46) (47) (48) (49) (50) (51) . In the present study, higher Edmondson grade, poor TNM stage and positive portal vein invasion cases were identified to have increased cytoplasmic expression of β-catenin. Furthermore, univariate analysis confirmed a significant difference and correlation between β-catenin overexpression, and poor histological differentiation, Edmondson grade (P<0.001) and TNM stage (P= 0.001). Following multivariate analysis, a significant correlation was identified between β-catenin overexpression and Edmondson grade (P= 0.006). Other clinicopathological factors such as tumor size (P<0.001) and HBV infection (P<0.001) were identified to be significantly associated with β-catenin expression. β-catenin demonstrated a significant correlation with the survival period clinicopathological factors and survival period of patients with HCC. Thus, β-catenin may potentially be used as a prognostic factor for HCC. The clinicopathological factors investigated in the current study are generally considered to be correlated with HCC, including sex, HBV infection, liver cirrhosis, tumor size, portal vein invasion, microvascular invasion, Edmondson grade and TNM stage (23, 50, 51) . In the present study, the correlation between these factors and the expression of the three oncoproteins was investigated; in addition, their correlation with survival period was verified. Based on the results obtained, the majority of factors were consistent with general considerations, such as portal vein invasion, Edmondson grade and TNM stage possessing a negative correlation with the survival period in the Kaplan-Meier survival curve analysis, and Edmondson grade serving as an independent risk factor in Cox's regression analysis. However, certain factors, such as age and HBV infection demonstrated controversial outcomes that require further analysis. In the present study, different β-catenin expression levels were identified in patients that had been infected by HBV vs. non-infected patients. To the best of our knowledge, no correlation between HBV infection and β-catenin expression has been previously identified. The HBV infection rate among the participants in the present study was relatively high (73/86; 85%), and as only 13 patients were HBV-negative, there may have been selective bias.
Although significant correlations were identified between the three oncoproteins and certain clinicopathological factors, A, Correlation between β-catenin and FAK expression (n=86)
B, Correlation between β-catenin and c-Met expression (n=86)
C, Correlation between c-Met and FAK expression (n=86)
FAK, focal adhesion kinase; c-Met, hepatocyte growth factor receptor; H, high expression; L, low expression. Table VII . Correlation between molecular markers in patients with hepatocellular carcinoma.
Molecular marker no significant correlation was identified among the three oncoproteins themselves following logistic analysis. Thus, further studies on the three molecular markers were performed. Firstly, the differences between each set of two markers were analyzed, and univariate analysis demonstrated a significant difference between FAK and β-catenin expression (P=0.015), and a marked difference between c-Met and β-catenin expression (P= 0.068). Following correlation analysis amongst the three molecular markers, no significant correlation was identified between any pair; however, β-catenin was identified to be correlated with c-Met (P= 0.052; Pearson's r= 0.21). The established association with c-Met and β-catenin in hepatocarcinogenesis, identified previously (1,10), was consistent with the results of the present study. Although significant differences between FAK and β-catenin expression were established, their correlation with β-catenin and c-Met cannot be concluded.
Other established criteria, including poor histological differentiation (Edmondson grade and TNM stage), were in agreement with the general consensus (23, (52) (53) (54) . Apart from different statistical results of c-Met, FAK and β-catenin, FAK and β-catenin performed well according to a variety of statistical indicators in the present study. As prognostic predictors, FAK and β-catenin were effective in the present study; however, coeffectiveness of c-Met and β-Catenin or their regulation by FAK was not observed in the present study (3, 12, 22) .
Certain clinicopathological factors such as tumor size, cirrhosis and microvascular invasion were not identified to be correlated with a high expression of the FAK, β-catenin and c-Met. TNM stage, which has been previously demonstrated to be correlated with the survival period, was excluded from the Cox's regression analysis (23, 50, 51) . Although the association between c-Met and β-catenin expression in HCC was not identified to be significant in the present study, their association should be studied further.
In conclusion, c-Met demonstrated conflicting results regarding its correlation with the clinicopathology and survival period of patients with HCC. As a result, its prognostic value cannot be confirmed by the results of the present study. c-Met displayed variable expression in 86 patients, and was expressed in 54/86 (62.8%) HCC cases. Although no correlation was identified between the three oncoproteins, FAK and β-catenin demonstrated promising results regarding their correlations with clinicopathological characteristics and survival period of patients with HCC. The results of the current study suggest that FAK and β-catenin may be used as prognosis markers of HCC. Considering that single agent or combined chemotherapy were used as treatment for all patients following surgery, and the results of the present study on the prognostic value of FAK and β-catenin, more aggressive treatments such as TACE, PEI or RFA may be required post-surgery for patients with high FAK and β-catenin expression.
